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R eactive oxygen species (ROS), such as hydroxyl radicals and superoxides, contribute to numerous ophthalmic diseases, including age-related retinal degeneration, 1,2 glaucoma, 3 and diabetic retinopathy (DR). 4, 5 While these retinal diseases have different pathophysiologies, they share the characteristic of ROS overproduction that overwhelms inherent antioxidant mechanisms of the neurons and supporting glial cells, leading to a cascade of oxidative stress that contributes to retinal damage. 6 Animal models of retinal degeneration demonstrate that oxidative stress contributes to photoreceptor death in retinitis pigmentosa, 7 light-induced retinal degeneration, 8, 9 and natural aging. 10 Consistent with this, antioxidant treatments slow the rate of retinal degeneration by protecting against ROS. [10] [11] [12] Within the retina, mitochondria inherently generate the largest quantities of ROS as a byproduct of adenosine triphosphate (ATP) production. 13 In the context of glaucoma and diabetes mellitus, mitochondrial dysfunction contributes to ROS production, 14, 15 which subsequently exerts oxidative stress on retinal ganglion cells, 16 photoreceptors, 17 and retinal microvasculature. 18 Since oxidative stress is a common factor causing retinal dysfunction, in vivo detection of ROS could prove a valuable diagnostic tool for many ophthalmic diseases. In addition, ocular ROS could be used to detect brain disorders and systemic diseases that have ocular phenotypes, 19 such as stroke, 20, 21 Alzheimer's disease, 22, 23 and diabetes. 5, 15, 17, 24 However, high reactivity and extremely short half-lives of superoxide and hydroxyl radicals, on the order of 10 À6 and 10
À9
seconds, respectively, 25 make measurement difficult. Currently, ROS quantification is limited to ex vivo approaches, such as spectrofluorometric determinations of dichlorofluorescein (DCF, a fluorescent probe that reacts intracellularly with peroxidase), 26 histologic detection of dihydroethidium (DHE), 27 and high-performance liquid chromatography (HPLC) for a wide variety of oxidants (e.g., hydrogen peroxide, superoxide, or nitric oxide 28 ). However, these methods all have limited clinical applicability. High-performance liquid chromatography and DCF require tissue biopsy, and DHE spontaneously autoxidizes and rapidly photobleaches. 27 To circumvent the instability of ROS, it is common to measure downstream products of antioxidant mechanisms (proteins such as superoxide dismutase) or quantify the damage to DNA, RNA, lipids, and proteins caused by oxidative stress. Although oxidative stress byproducts are more stable and easier to quantify, they do not directly measure ROS and, again, cannot be measured in vivo. Recently, a reversibly responsive, Copyright 2015 The Association for Research in Vision and Ophthalmology, Inc. iovs.arvojournals.org j ISSN: 1552-5783 profluorescent nitroxide probe was reported for detection of retinal oxidative stress in a rat model of ischemia. 29 This probe offers the ability to detect and visualize oxidative stress in vivo in the retina, although the sensitivity to small ROS changes may be limited.
Hydrocyanine sensors have been used for highly sensitive quantification of ROS generation. 30 When these hydrocyanine molecular probes are oxidized by superoxide or hydroxyl radicals, they irreversibly convert from a nonfluorescent hydrocyanine into a fluorescent cyanine molecule (Fig. 1) . Within the hydrocyanine family there are probes with different emission wavelengths; these have been established for use in cell culture 31 and ex vivo. 32 Hydrocyanine-800CW (H-800CW) is a new hydrocyanine, which has physical/ chemical properties similar to those of the previously published hydrocyanine-indocyanine green (H-ICG). Hydrocyanine-800CW oxidizes into 800CW, which has excitation and emission maxima at 774 nm and 789 nm, similar to indocyanine green (ICG). Kundu et al. 30 have shown that H-ICG is nontoxic in cell culture experiments, even at extremely high doses, and no toxic side effects have been noted in animal models.
Although hydrocyanines have been used in imaging ROS in vivo in different animal models, 20, [33] [34] [35] [36] [37] [38] [39] [40] their clinical applications are limited because of low tissue penetration of optical probes and the lack of suitable noninvasive instruments. Optical imaging of H-800CW in the eye is a more practical and clinically relevant application, as the eye is transparent and as suitable clinical instruments, that is, fundus cameras and scanning laser ophthalmoscopes with ICG filters, are already available. Indocyanine green is already FDA approved for imaging retinal vasculature and is routinely used in the clinic. Therefore, the potential for successful clinical ocular application of H-800CW seems high. Here, we tested H-800CW's ability to quantify ROS generated in vivo within the retina after light-induced retinal degeneration (LIRD). We used both systemic and intravitreal administration of the probe to show potential clinical use and test sensitivity to detect retinal ROS at different concentrations and levels of retinal damage.
METHODS

Animals and Experimental Design
All procedures were approved by the Atlanta VA Institutional Animal Care and Use Committee and conformed to the ARVO Statement for the Use of Animals in Ophthalmic and Vision Research. All animals used in the study were housed on a 12:12 hour light:dark cycle with chow and water provided ad libitum. Long Evans rats (300-350 g) and 129/ SvJ mice (23-30 g) were obtained from Charles River (Wilmington, MA, USA). Animals were randomly divided into control (CTRL) and LIRD groups. Using mice, we established a dose-response curve by testing different concentrations of H-800CW and determined the sensitivity of the ROS probe to retinal injury by exposing mice to different durations of toxic light damage. In mice, changes in visual function were quantified by optokinetic tracking (OKT), while changes in retinal function were assessed with electroretinography (ERG). In rats, we demonstrated tissue-targeted administration of H-800CW with intravitreal injections and examined retinal cross sections to determine the location of the ROS probe.
Light-Induced Retinal Damage
Light-induced retinal damage is an acute model of retinal degeneration with a well-described oxidative stress response. 41 After dilating the pupils with atropine sulfate ophthalmic solution (1%), animals were exposed to either dim (100 lux, CTRL) or bright light (60,000 lux, LIRD). The luminance of the light-emitting diode light panels was measured using a lux meter (Traceable Dual Range Light Meter; VWR International, Radnor, PA, USA). Mice were exposed for 6 hours, whereas rats were exposed for 4 hours. During light exposure, animals were singly housed in a shoebox-style cage, provided wet food ad libitum, and monitored for signs of stress (Chrenek, et al. IOVS 2013;54:ARVO E-Abstract 44). During bright light exposure, temperatures inside the box ranged from 298C to 318C.
To determine the sensitivity of H-800CW to detect varying severities of retinal injury, 129/SvJ mice were randomly assigned to either LIRD or CTRL groups. The LIRD mice were exposed to durations of 0, 1, 2, 4, or 6 hours of light damage. Control mice were not subjected to bright light. Immediately after treatment, both LIRD and CTRL mice were anesthetized and injected intravenously with H-800CW (20 mg/kg) or vehicle (0.9% NaCl). Animals were then housed in darkness prior to imaging, as described below.
Administration and Imaging of the Fluorescent Probe
At the conclusion of light exposure, mice were anesthetized with ketamine (80 mg/kg) and xylazine (16 mg/kg) and body temperature was maintained at 378C via a heating pad. Hydrocyanine-800CW (ROSstar 800CW; LI-COR, Lincoln, NE, USA) dye was injected intravenously via penile vein at 2.5, 5, 10, or 20 mg/kg to both CTRL and LIRD mice. For the rat experiments, anesthesia was induced with ketamine (60 mg/ kg) and xylazine (7.5 mg/kg), and H-800CW or vehicle was delivered intravitreally at a dose of 2 lL (10.7 nmol) per eye to both CTRL and LIRD rats.
After administration of H-800CW, all animals received yohimbine (2 mg/kg) to reverse the effects of xylazine and prevent corneal ulcers. 42, 43 For the next 48 hours, animals were housed in complete darkness to prevent photobleaching while the oxidized H-800CW complexes accumulated in the eye. Two days after H-800CW injection, animals were anesthetized (as described above) and prepared for scanning laser ophthalmoscope (SLO) imaging by anesthetizing corneas with 0.5% tetracaine hydrochloride ophthalmic solution (Alcon, Fort Worth, TX, USA) and inducing mydriasis with 1% tropicamide eye drops (BauschþLomb, Tampa, FL, USA). The cornea was kept hydrated with a custom-made contact lens (X-cel Contacts-A Walman Company, Duluth, GA, USA) and artificial tears (Refresh Celluvis Tears; Allergan, Inc., Irvine, GA, USA). 44 An SLO (HRAþOCT; Heidelberg, Carlsbad, CA, USA) was used to visualize oxidized H-800CW in vivo with the ICG filter. After completing fundus images with the ICG filter, a subset of LIRD and CTRL animals received an intraperitoneal injection of 1 lL 10% fluorescein (AK-Fluor 10%; Akorn, Decatur, IL, USA) to determine the integrity of retinal capillaries at this 48-hour time point.
Optokinetic Tracking Testing
Visual function was tested in mice 1 day prior to light damage using a virtual optokinetic system (OptoMotry system; Cerebral Mechanics, Lethbridge, Canada). [45] [46] [47] [48] Optokinetic tracking testing was performed 6 days after light damage. In brief, vertical sine wave gratings were presented in a virtual drum, rotating at a speed of 128/s. For visual acuity assessment, the spatial frequency of the grating started at 0.042 cyc/deg with 100% contrast and increased in a staircase paradigm. The maximum spatial frequency that elicited a head tracking response was determined with the OptoMotry software and considered the spatial frequency threshold.
Electroretinography
Seven days after LIRD and following overnight dark adaptation, mice were anesthetized under dim red light with ketamine (80 mg/kg) and xylazine (16 mg/kg) for ERG recordings, as previously described. 12, 49, 50 For these experiments, a gold wire loop acted as the active electrode by contacting the cornea through a layer of 1% methylcellulose (Allergan, Inc.). To reference and ground the active electrode recordings, needles were placed bilaterally on the cheeks and on the tail, respectively. Flash stimuli of increasing intensity were presented using a Ganzfeld dome (0.001, 0.02, 0.25, 4.1, 137 cd s/m 2 ), and responses were recorded using a signal averaging system with bandpass filters set at 1 to 1500 Hz (BigShot; LKC Technologies, Gaithersburg, MD, USA).
Immunohistochemistry and Histology
To evaluate oxidized H-800CW in the ex vivo retina, rats were killed via pentobarbital overdose (100 mg/kg), immediately after the SLO examination at 2 days post LIRD. Mice were killed 7 days after LIRD to evaluate the effects of toxic light exposure. After enucleation, each eye was injected with fixative at the superior limbus and immersed in fixative solution (Z-fix; Anatech, Battle Creek, MI, USA) for 1 hour. Following dissection, the posterior eye cup was immersed in 30% sucrose until saturated. After freezing the tissue in tissue freezing medium (Tissue-Tek; Electron Microscopy Sciences, Hatfield, PA, USA), eye cups were cryosectioned at 10 lm (for immunohistochemistry) or 20 lm (for histology), collected on glass slides, and stored at À208C. Sections including the optic nerve were stained with 4 0 ,6-diamidino-2-phenylindole (DAPI; 1:1000), then coverslipped (ProLong Gold antifade reagent; Invitrogen, Eugene, OR, USA). Sections taken for histology were imaged with a phase-contrast light microscope (Leica, McHenry, IL, USA), and outer nuclear layer thickness measurements were taken. Sections taken for ex vivo oxidized H-800CW evaluation were imaged using a light microscope (EVOS FL Auto; Life Technologies, Carlsbad, CA, USA) under DAPI and Cy7 filters.
To ensure that H-800CW labels for oxidative stress, some sections were treated with 2 0 ,7 0 -dichlorofluorescein diacetate (H2DCFDA; Life Technologies, Thermo Fisher Scientific, Waltham, MA, USA), which oxidizes to the fluorescent green compound DCF in the presence of cellular oxidation by peroxynitrite, hydrogen peroxide, and hydroxyl radicals. 51 Frozen retinal sections from hydrocyanine-injected eyes were incubated with H2DCFDA (10 lM) for 60 minutes at 378C in the dark. Slides were treated with Vectashield (Vector Laboratories, Burlingame, CA, USA) and coverslipped. The DCF fluorescence was imaged using a light microscope (EVOS FL Auto, Life Technologies, Thermo Fisher Scientific) with green fluorescent protein filters.
Data Analysis
Using image analysis software (ImageJ; http://rsb.info.nih. gov/ij/ [in the public domain], Wayne Rasband, National Institutes of Health, Bethesda, MD, USA), we first converted one ICG image for each animal into an 8-bit grayscale image. For intensity measurement, we measured the average fluorescent intensity within a 150-pixel band surrounding the optic disc. Intensity comparisons were first normalized to the optic disc to account for background fluorescent noise. For area of hyperfluorescence, we first set a threshold value for each image within the same experiment, then converted to binary images of black (positive fluorescence: pixel exhibiting greater than the set threshold value) and white (negative fluorescence: pixel exhibiting less than set threshold value), and finally calculated the total area of pixels with positive fluorescence for each image.
All statistical analyses were performed using commercial software (SigmaStat 3.5; Aspire Software International, Ashburn, VA, USA). All data plotted in figures are represented as mean 6 standard error of the mean (SEM). Statistical analysis included Student's t-test and repeated-measures analysis of variance (ANOVA) with Holm-Sidak post hoc tests for statistical significance at P < 0.05. When normality failed, the MannWhitney rank sum test or Kruskal-Wallis 1-way ANOVA on ranks was used. For systemic H-800CW injections, quantifications from SLOs were obtained from right eye images and were used as a representative of an individual animal. For intravitreally-injected H-800CW, eyes were considered independent and analyzed as such.
RESULTS
LIRD Induces Retinal Damage in Pigmented Rodents
Since LIRD is typically performed in albino rodents, 52 we established that light damage can consistently induce retinal degeneration in pigmented 129/SvJ mice, based on previous methods (Chrenek, et al. IOVS 2013;54:ARVO E-Abstract 44). Mice exposed to toxic bright light (60,000 lux for 6 hours; LIRD) were compared to mice maintained in dim lighting (100 lux; CTRL) using OKT, ERG, and histology. Spatial frequency thresholds were significantly decreased in LIRD compared to CTRL mice ( Fig. 2A ; Student's t-test ¼ 3.79, P < 0.01). Seven days post light exposure, ERG waveforms were visibly decreased in LIRD mice (Fig. 2B) . Bright flash (4.1 cd s/m 2 )-induced a-and b-wave amplitudes were significantly decreased by 65.7% and 62.5%, respectively, in LIRD mice compared to CTRL mice (Figs. 2B, 2C , a-wave: Mann-Whitney rank sum test ¼ 4.0, P ¼ 0.01, b-wave: Mann-Whitney rank sum test ¼ 5.0, P ¼ 0.02). Additionally, CTRL mice (Fig. 2D ) had significantly thicker outer nuclear layers (ONL) than LIRD mice (Fig. 2E) . Quantification of ONL thickness showed a 63% to 68% decrease superior to the optic nerve and a 48% decrease inferior to the optic nerve after bright light exposure ( Fig. 2F ; 2-way repeated ANOVA F(3, 43) ¼ 4.68, P ¼ 0.009). As expected, spatial frequency thresholds positively correlated 
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Systemic Delivery of H-800CW Produces a DoseResponse Relationship
To assess the utility of systemically administered H-800CW to detect ROS, doses from 0 (vehicle only) to 20 mg/kg were intravenously delivered to both LIRD and CTRL mice. Since oxidized H-800CW fluorescence was similar across all doses in SLO fundus images of CTRL mice, CTRL mice were grouped as a single cohort. Light-induced retinal damage mice with vehicle also had the same appearance as CTRL mice, with only a small amount of fluorescence visible (see Fig. 3F ), and were also grouped with the CTRL mice. In contrast, the pattern and appearance of oxidized H-800CW fluorescence changed with increasing doses in LIRD mice. Oxidized H-800CW diffusely permeated the retina around the optic nerve, producing low-level fluorescence (Figs. 3A-E). Fluorescein angiography was performed in both LIRD and CTRL animals after H-800CW administration and revealed that retinal vasculature was intact ( Supplementary  Fig. S1 ). Points of punctate hyperfluorescence became visible at the 5 mg/kg dose in LIRD mice and increased in size, quantity, and distance from the optic nerve with increasing doses ( Fig. 3M ; Kruskal-Wallis 1-way ANOVA on ranks, H ¼ 23.6, P < 0.001). The dose-response relationship for H-800CW was nearly linear for both mean fluorescence (R 2 ¼ 0.705) and hyperfluorescence area (R 2 ¼ 0.796). Additionally, the values of mean fluorescence and fluorescent area were highly correlated between the two quantification methods (R 2 ¼ 0.935, P < 0.001; Fig. 3N ), suggesting that either may be appropriate for quantification in future experiments.
H-800CW Is Sensitive to the Amount of Retinal Damage
By varying the duration of toxic light exposure, we determined H-800CW's response to increasing retinal damage. Immediately after 0 (CTRL), 1, 2, 4, and 6 hours of light exposure, animals were intravenously injected with 20 mg/kg H-800CW. As the duration of toxic light exposure increased, the mean fluorescence (Figs. 4A-E) and total fluorescent area (Figs. 4F-J) also increased. However, only the mice subjected to 4 and 6 hours of LIRD yielded significantly higher mean fluorescence values than CTRL mice ( Fig. 4K ; Kruskal-Wallis 1-way ANOVA on ranks, H ¼ 16.17, P ¼ 0.003). All mice that received toxic light exposure exhibited significantly greater fluorescent area than CTRL mice ( Fig. 4L; 1-way ANOVA F(4,  20) ¼ 21.68, P < 0.001). Comparisons of hyperfluorescent areas also showed significant differences between 1 and 4 to 6 hours and 2 and 6 hours of light exposure ( Fig. 4L ; P < 0.01). Fluorescent area and mean fluorescence were significantly correlated (R 2 ¼ 0.793, P < 0.001). However, fluorescent area was more sensitive to light exposure than fluorescent intensity. 
Oxidized H-800CW Fluorescence Significantly Correlates With Visual Function
To determine if ROS level correlated with visual dysfunction as detected by oxidized H-800CW fluorescence, we plotted visual acuity (spatial frequency threshold) against mean fluorescent intensity in LIRD mice administered 10 mg/kg H-800CW. Mean fluorescence was greater in mice with lower visual acuity ( Fig.  5 ; correlation R 2 ¼ 0.616, P ¼ 0.001), which suggests that mice with greater visual deficits, and presumably greater ROS production, have increased H-800CW binding in the fundus images. Importantly, the spatial frequency thresholds of CTRL mice injected with H-800CW (0.45 6 0.01 cyc/deg) did not differ from those in 8-week-old naïve 129SV mice (0.45 6 0.004 cyc/deg; Student's t-test P ¼ 0.59), suggesting no toxic effects of H-800CW to the retinal function.
Oxidized H-800CW Localizes to Retinal Photoreceptors
Long Evans rats were intravitreally injected with H-800CW and imaged with the ICG filter of the SLO. Minimal baseline fluorescence was visible in the fundus image of the CTRL rats injected with H-800CW (Fig. 6A) . In comparison, LIRD rats (Fig. 6B) showed oxidized H-800CW hyperfluorescence in the fundus with both punctate and diffuse patterns. The distinct ring of fluorescence around the optic nerve was observed in all LIRD rat fundus images with intravitreal injections of H-800CW. The crescent-shaped area of hyperfluorescence in the superior quadrant of the LIRD fundus may be a result of the H-800CW injection to the superior limbus, which could saturate the superior retina and bind to all available ROS. Fluorescence was visualized deep in the retinal layers but before the choroidal vessels, as indicated by the focal plane of the infrared (IR) fundus image in Figure 6C .
Using DAPI-labeled retinal sections, oxidized H-800CW was undetectable in CTRL rats (Fig. 7B) . Note that the typical 12 or 13 rows of ONL nuclei are visible in the CTRL rat treated with H-800CW, suggesting no adverse effects of the dye on retinal structure. However, retinas from LIRD rats showed significant oxidized H-800CW in the inner segments of the photoreceptors and ONL (Figs. 7D-F) . A low-magnification image from an LIRD rat injected with H-800CW shows the breadth and localization of oxidized H-800CW within the retina (Fig. 7F) .
To further validate H-800CW as a marker for sites of ROS production, retinal sections from H-800CW-injected rats were colabeled with DCF. Dichlorofluorescein most strongly labels the photoreceptor inner segments and outer plexiform layer (OPL) with diffuse labeling in the remaining retinal layers (Fig.  7G) . Similarly, oxidized H-800CW fluorescence was specific to the photoreceptor inner segments, ONL, and OPL (Figs. 7H,  7I) . 
DISCUSSION H-800CW Enables In Vivo Detection of ROS in Retinal Degeneration
We tested whether H-800CW administration can detect ROS in the LIRD model of retinal degeneration using fundoscopic in vivo SLO imaging. Our results show that oxidized H-800CW mean fluorescence and fluorescent area increased in a dosedependent fashion and increased across a range of retinal damage. Both parameters can be reliably quantified in the retina. Furthermore, we localized oxidized H-800CW hyperfluorescence to photoreceptors, the expected location of ROS generation in the LIRD model, 41 and confirmed that oxidized H-800CW had similar labeling patterns to another commonly used ROS marker, DCF. 26 Importantly, oxidized H-800CW fluorescence and fluorescent area correlated with visual dysfunction in the pigmented LIRD model used here (Fig. 5) . While differences in H-800CW fluorescence accounted for only 61% of the change in spatial frequency threshold, this significant correlation suggests a relationship between ROSactivated fluorescence and visual function and therefore indicates the potential clinical relevance of this diagnostic approach in pigmented human eyes.
Oxidized H-800CW Has a Consistent Appearance and Location in the Retina
The pattern of oxidized H-800CW fluorescence increased dramatically as the dose of H-800CW increased from 2.5 to 20 mg/kg in LIRD animals. Higher doses of H-800CW extended further from the optic nerve with the fluorescent intensity decreasing with distance from the optic nerve. These punctate complexes could be apoptotic cells being phagocytosed by macrophages or ROS conglomerates that are created during Additionally, significant differences were found between mice exposed to increasing toxic light, illustrating the sensitivity of H-800CW to detect ROS levels with increasing retinal damage. Quantification by area or intensity was highly correlated with area of hyperfluorescence showing greater sensitivity (M). Post hoc comparisons *P < 0.05, **P < 0.01, ***P < 0.001. photoreceptor phagocytosis by the RPE. 53 However, when retinal cross sections were examined, oxidized H-800CW was concentrated in the ONL and inner segments of the photoreceptors, not in the RPE (Figs. 7C-F) . Since LIRD causes photoreceptor apoptosis, 52 ROS localization was expected in this location and is consistent with previous reports of oxidative stress in LIRD that have shown high levels of ROS in the inner and outer segments of retinal rod photoreceptors.
Hydrocyanine-800CW belongs to a family of ROS dyes referred to as hydrocyanines, which can be engineered to have intra-or extracellular properties. 30 Hydrocyanine-800CW was developed as an extracellular dye. Thus, intravenous injections would be expected to react with ROS in extracellular fluid, including within the blood vessels. However, the H-800CW may have translocated intracellularly in light-damaged animals since the fluorescence appears in the inner segments (Fig. 7D) . Since oxidative stress can damage the integrity of the cell's plasma membrane, 54 H-800CW may have permeated the cell membrane after severe light damage. Additionally, SLO fundus images showed the oxidized H-800CW dye to be predominantly located in the area immediately around the optic nerve.
H-800CW Is a Suitable Biomarker for Ocular ROS
While hydrocyanines have previously been used in models of septic shock, 30 stroke, 20 inflammation, 31, [34] [35] [36] 38 and osteoarthritis, 39 this study is the first to report its potential for ophthalmic uses. In preparation for clinical trials, an oxidized version of the probe (IRDye 800 CW) is being manufactured with current good manufacturing practices (cGMP; www.licor.com [in the public domain]), has a drug master file with the Food and Drug Administration (www.licor.com), has an active substance master file with European Medicines Agency (www.licor.com), and has exhibited negative results for toxicity. 55 Oxidized H-800CW also has good stability after binding to ROS, as the 800CW-ROS complexes were still visible 48 hours after injection (although our animals were kept in the dark). Though hydrocyanines have various excitation and emission wavelengths, 30 H-800CW's excitation (774 nm) and emission (789 nm) wavelengths make it particularly compatible with the ICG filter of commonly available SLO instruments found in most ophthalmology and optometry offices. Thus, H-800CW could easily be translated into clinical use with existing ophthalmic instruments. The current results did not reach a plateau for dose-response curve (Fig. 3) or retinal damage (Fig. 4) , suggesting that H-800CW can be further optimized. This in vivo ROS probe for the retina enables direct measurement of superoxide and hydroxyl radical levels, allowing individual patients to be tracked longitudinally and improving knowledge about ocular disease progression. Hydrocyanine-800CW also provides an in vivo research tool for preclinical retinal studies, without the need for ex vivo ROS quantification from retinal biopsies.
